
pr^TH ^Bfc WORLD INTELLECTUAL PROPERTY ORGANE^^» 

v -" ^^^^ International Bureau 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 ; 
BOID 37/00, 39/00, 71/10 



Al 



(11) International Publication Number: WO 94/17894 

(43) International Publication Date: 18 August 1994 (18.08.94) 



(21) International Application Number: PCI7US94/01413 

(22) International Filing Date: 8 February 1994 (08.02.94) 



(30) Priority Data: 

104,670 



9 February 1993 (09.02.93) 



IL 



(71) Applicant (for all designated States except US): TRAVENOL 
LABORATORIES (ISRAEL) LTD. [IL/IL]; P.03. 2, 
77100 Ashdod (EL). 

(71) (72) Applicant and Inventor: KRAUS, Menachem [US/IL]; 26 

Harding Street, 70600 Yavne (IL). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only)\ YONATH, Jacob [IIVIL]; 
43B Gordon Street, 76287 Rehovot (IL). 

(74) Agents: GALLOWAY, Peter, D. et al.; Ladas & Parry, 26 West 
61st Street, New York, NY 10023 (US). 



(81) Designated States: CA, JP, US, European patent (AT, BE, CH, 
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, FT, SE). 



Published 

With international search report. 



(54) Title: LEUKOCYTE REMOVAL METHOD AND FILTER UNIT FOR SAME 
(57) Abstract 

A method for removing leukocytes from a leukocyte- containing suspension comprising passing said suspension through a filter 
including a nitrocellulose membrane having a pore size of 5-15 /mi. 



i 



CNSOOCtO: <WO 941789*A1JL> 



# 



J 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on die front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 




KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


Cote d' I voire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


U 


Liechtenstein 


SN 


Senegal 


CN 


Chirm 


LK 


Sri Lanka 


TD 


Chad 


CS 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


FI 


(inland 


ML 


Mali 


uz 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gaboo 











BNSDOCIO: <WO 9417894A1JL> 



. WO 94/17894 ^ ^ PCT/US94/01413 

- 1 - 



LEUKOCYTE REMOVAL METHOD AND FILTER 
UNIT FOR SAME 
The present invention relates to a 
method for removing leukocytes from suspensions 
5 containing them and especially from blood- 

derived suspensions. The invention also relates 
to a filter unit which can be used in the above 
method* 

In recent years it has become apparent 
10 that leukocytes in transfused blood are in most 

cases not only superfluous but often 
detrimental * Leukocytes in the blood have been 
found to cause non- hemolytic febrile reactions 
and alloimmunization as well as to harbor 
15 viruses. 

Donated blood can be used without 
prior treatment ("whole blood"), or, more 
frequently, processed to produce a red cell or 
platelet concentrate. Various methods have been 
2 0 developed to remove leukocytes from these blood 

products, the most popular being filtration 
' methods . 

I EP 155003 (to Asahi) and US 4925572 

* (to Pall) describe filtration methods using 

25 fibrous, non-woven media to capture the 

leukocytes as the blood suspension is passed 
through them. A leukocyte removal rate of over 
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9 8% can be obtained using these methods. The 
disadvantage of these methods is that the filter 
units used in them have to be composed of many- 
layers of filter media in order to reduce 
5 leukocyte counts efficiently while at the same 

time providing a reasonable flow rate. This 
makes industrial assembly cumbersome and 
expensive . 

An alternate method of leukocyte 
10 filtration has been described in Patent 

Application EP 406485 (to NPBI Nederlands) . 
This method uses continuous porous membranes for 
the filtration process instead of fibers. One 
of the materials used for preparing the 
15 membranes described in the above application was 

cellulose acetate, which was found to give the 
best results. However, as can be seen in Fig. 9 
of the above application, over 35% of the 
leukocytes remained in the blood filtrate, 

2 0 resulting in a leukocyte removal of less than 

65% as compared to greater than 98% for 
conventional methods . The authors of the above 
application came to the conclusion that a series 
of stacked membranes having decreasing pore size 
25 in the blood flow direction ('asymmetric 

filter' ) showed a larger leukocyte removal 
capacity than membranes of uniform pore size. 
However, only a 25% leukocyte removal percentage 
was obtained with this 'asymmetric' filter, 

3 0 which contained a series of 8 membranes (Pig. 

8) . The filtration method described in the 
above application is therefore not useful for 
the purpose of leukocyte removal from blood 
products . 

35 Other recent patents have described 

the use of polyvinyl idene fluoride and polyvinyl 
formal membranes for use in leukocyte removal 
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(see e.g. WO 89/02304). 

It is an object of the present 
invention to provide a method for removing 
leukocytes from a blood-derived suspension which 
5 is efficient, simple and inexpensive. 

It is a further object of the 
invention to provide a filter unit for use in 
such a method. 

In accordance with this invention 
10 there is thus provided a method for removing 

leukocytes from a leukocyte-containing 
suspension comprising passing the suspension 
through a filter including a nitrocellulose 
membrane having a pore size of 5-15 /zm. 
15 It has surprisingly been found that by 

using commercially available nitrocellulose 
membranes, it has been possible to obtain a 
leukocyte removal percentage of between 97-9 9% 
using no more than 2 layers (Note: in this 
20 application, a membrane is defined as a 

continuous, nonfibrous porous matrix, and a 
layer is defined as consisting of one or more 
identical filtering elements) . This result is 
unexpected since nitrocellulose membranes are 
25 known to be strong binding matrices for 

proteins. Due to this property they are used 
extensively in diagnostic kits where protein 
probes (antigens or antibodies) are irreversibly 
bound to the membrane surface. It could have 
30 been expected that such membranes would clog 

very easily upon contact with blood due to the 
binding of blood proteins and corpuscles. It 
was therefore surprising to find that such 
membranes are very efficient leukof ilters . The 
35 filtration is accomplished with a minimal loss 

of erythrocytes, and blood flow is equivalent to 
that of conventional fiber filters. 
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Without limiting the invention in any- 
way, it is thought that the mechanism by which 
this separation works is probably related to a 
selective adsorption of leukocytes on the 
5 membrane surface. The separation cannot depend 

on size alone, as erythrocytes and many 
leukocyte types are of similar size. The 
invention, however, does not depend on any 
particular theory of separation. 

10 The method of the invention can be 

carried out using a single nitrocellulose 
membrane. Alternatively , two nitrocellulose 
membranes can be used, or a non-woven or 
membrane prefilter overlying a nitrocellulose 

15 membrane. In a further embodiment of the 

invention, non-woven fiber sheets can be 
inserted between individual nitrocellulose 
membranes so as to act as spacers. Ordinarily, 
no more than two layers are necessary in order 

20 to obtain optimal results. The n on -woven 

prefilter can be prepared from polymer fibers 
such as polyesters, polyurethane and 
polypropylene . 

The pore size of commercial 

25 nitrocellulose membranes compatible with the 

method of the invention ranges from 5-15/tm, 
preferably 8-12jxm, and more preferably 8-10/xm. 
Nitrocellulose membranes with pore sizes greater 
than 15fim are generally not available 

30 commercially. However, if such membranes become 

available, it may also be possible to use them 
in the invention. The pore size of the 
prefilter also ranges from 5-15^tm. 

Nitrocellulose membranes which have 

3 5 been chemically modified may also be used in the 

method of the invention. This chemical 
modification may be accomplished by performing a 
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surface grafting reaction in which the membrane 
is exposed to a suitable initiator while in 
contact with a monomer. The initiator may be * 
chemical, or it may be' gamma or U.V. radiation. 
5 Suitable monomers can be various acrylic 

monomers carrying functional groups such as 
hydroxy, carboxy or others. 

In accordance with this invention 
there is also provided a filter unit having a 
10 filter for removing leukocytes from a leukocyte- 

containing suspension, the filter including a 
nitrocellulose membrane having a pore size of 5- 
15 fim. 

Such a filter unit can be constructed, 
15 for example, from a conventional reusable filter 

holder* One or two layers according to the 
invention are placed in the filter holder which 
is tightly closed and connected to a reservoir 
containing a unit of blood or blood product. 

2 0 The blood or blood product is then forced 

through the filter unit by applying hydrostatic 
pressure. The layers can be easily replaced 
after one or more blood units have been filtered 
through them. Alternatively, the filter unit 
25 can be constructed from a disposable filter 

housing into which the layers are heat sealed, 
glued or clamped mechanically. 

Various leukocyte - containing 
suspensions can be filtered using the method of 

3 0 the invention. These include whole blood, 

packed red blood cells and platelet concentrate. 

The following examples come to further 
illustrate and describe the invention disclosed 
herein. The invention is not to be limited in 
3 5 scope by reason of any of the following 

examples . 
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Example 1 
A 25mm diameter nitrocellulose 
membrane having a nominal pore size of 12 ^m was 
mounted in a holder of * polysulfone . Both 
5 membrane and holder are products of Schleicher 

and Shuell/ Germany. Whole blood that was 
stored for 7 days at 5°C. with citrate 
anticoagulant was filtered through the filter 
unit at a hydrostatic pressure of 0.08 a tin. The 
10 effective filtration area was 3.2 cm and the 

flow rate was 0.53 mL/min . 

Results: When the number of cells in 
the filtrate was measured, the leukocyte count 
was found to be reduced from 5600 cells per fil 
15 in the original blood to 200 cells per ^xL, a 

reduction of 96.5%, while the erythrocyte count 
remained practically unchanged (4.7xl0 6 to 
4.6xl0 6 cells/fil) . 

Example 2 

20 The procedure of Example 1 was 

repeated, except that an additional 
nitrocellulose membrane having a nominal pore 
size of 8jim was added beneath the first 
membrane. The filtration rate was 0*4 mL/min. 
25 Results: The filtered blood was found 

to contain 50 leukocytes /mL (a 99.1% reduction) 
and 4.6x10^ erythrocytes /mL . 

Example 3 
The procedure of Example 2 was 
3 0 repeated, except that the two layers were a 

nitrocellulose membrane overlayed with a 5^un 
polyvinyl -chloride prefilter. 24hrs.-old blood 
was filtered at a rate of 0.5 mL/min. 

Results : The leukocyte count of the 
3 5 filtered blood dropped from 10,100 cells/ jil to 

100 cells/^il (a 99% reduction) while the 
erythrocyte count slightly dropped from 3.9x10** 
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to 3.8xl0 6 cells/fil. 

Example 4 
The procedure of Example 3 was 
repeated, except that the 8fxm nitrocellulose 
5 membrane was replaced with a 12 ^m membrane, and 

a red cell concentrate was used instead of whole 
blood. The red cell concentrate was 7 days old 
and stored at 5°C. The filtration rate was 2.0 
mL/min . 

10 Results: The leukocyte count dropped 

97.3% from 7300 to 200 leukocytes/ftl while the 
erythrocyte count dropped slightly from 8.3x10 s 
to 7.9xl0 6 cells/Atl. 

Example 5 

15 The procedure of Example 3 was 

repeated, except that a non-woven polyure thane 
prefilter was placed on top of a 12 (un 
nitrocellulose membrane . A membrane holder made 
of Delrin (Gel man Scientific, U.S.A.) was used 

20 having an effective filtration area of 3.7 cm 2 . 

48hrs.-old whole blood was filtered at a rate of 
2.1 mL/min. 

Results : The leukocyte count was 
reduced from 7000 to 100 cells/^l (a 93.6% 

25 reduction) while the erythrocyte count remained 

substantially the same (4.0xl0 6 to 3.9xl0 6 
cells/MD • 

Example 6 
The procedure of Example 1 was 
30 repeated, except that a 8fim nitrocellulose 

membrane grafted with hydroxy- ethyl -me tacry late 
was used. The blood flow rate was 0.5 mL/min. 

Results: The filtrate contained 50 
leukocytes per pi (a 99.1% reduction) while the 
3 5 erythrocyte count remained almost unchanged 

(4.5xl0 6 , down from 4.6xl0 6 ). 
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Example 7 

Three 47mm diameter nitrocellulose 
membranes of 12 Jim pore size were mounted in a 
polycarbonate holder resulting m a 12 cm* 
effective filtration area* The membranes were 
overlayed with a prefilter comprising four 
identical sheets of polyester fiber. A unit 
(290 ml) of packed red blood cells (PRC) 
containing citrate-phosphate-dextrose (C.P.D.) 
anticoagulant was prepared by adding 100 ml of 
SAG-M preservation solution to a final 
hematocrit of 60%, The filtration was performed 
at room temperature 6 hrs . after donation. 

Results: The first 50 ml of PRC were 
filtered in 10 min. The leukocyte count of the 
filtered PRC was found to have dropped from 7400 
cells/ftL to 4 cells/jUL. 

Example 8 

The procedure of Example 7 was 
repeated, except that a 20hrs.-old PRC unit was 
used. The prefilter comprised 8 identical 
sheets of non-woven polyester, each sheet having 
a thickness of approximately 0.5mm and a fiber 
diameter of 5-8fim. The first 70 ml were 
filtered in 15 min* 

Results : The leukocyte count was 
found to be reduced from 13100 cells/^L to 16 
cells/ftL. No significant changes were observed 
in the hematocrit (49.4% vs. 50.5%) or 
hemoglobin concentration (17.0 gr% vs. 17.7 gr%) 
after filtration* 

Example 9 
The procedure of Example 8 was used 
with 6 hrs. -old PRC which had been stored at 20- 
22°C, and was found to have a 49% hematocrit 
after addition of SAG-M. The rate of filtration 
was 152 ml/20 min* 
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Results: The leukocyte count dropped 
from 5500 cells//xL to 30 cells/^L, while the 
hematocrit remained at 48-48.6%. 

Example 10 

5 The procedure of Example 8 was 

repeated with 7 days old PRC having a 62.1% 
hematocrit and 21.9 gr% hemoglobin 
concentration. 3 6 ml were filtered in 20 min. 

Results: The Leukocyte count was 
10 reduced from 4500 cells/^iL to about 2 cells//xL. 

The post* filtration hematocrit was 60.3-61.3% 
and the hemoglobin concentration was 
21.0-21.1 gr%. 

Example 11 

15 In this Example, the filter comprised 

a prefilter composed of 5 identical sheets of 
non-woven fiber as in Example 8, and 3 
nitrocellulose membranes as in Example 7 
interspersed by 3 spacer sheets of the same non- 
20 woven fiber as in the prefilter. All other 
parameters were as in Example 8 . 

Results : A 6% improvement in the 
flowrate was achieved without affecting the 
parameters of the filtered PRC. When the filter 
25 was used in the procedure of Example 9, a 19% 

improvement in the flowrate was obtained. 

Example 12 
The procedure of Example 11 was 
repeated in a larger diameter system having an 
30 effective filtration area of 50 cm 2 . 360 ml of 

PRC treated as in Example 7 were filtered in 
less than 10 min. The pre- filtration values of 
the PRC were: leukocyte count - 8300 cells/fiL; 
hematocrit - 47.9%; hemoglobin - 17.2 gr%; red 
35 blood cell count - 5.99xl0 6 cells/^Ii- 

Results: The post- filtration values 
of the PRC were respectively: 3 cells/^L; 47.2- 
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48%; 17. 0-17.1 gr%; 5 . 90-5 . 93xl0 6 cells/fiL. 

Example 13 
The configuration of Example 1 was 
used with a platelet concentrate containing 
5 l.lxlO 6 plt/ph and 800 leukocytes //zL . The 

filtration rate was 4 ml/2.5 min. After the 
nitrocellulose membrane surface was modified, 
e.g. by coating it with a polymer containing 
hydroxyl and sulfonic groups, the flowrate was 
10 increased to 4 ml/1.8 min. 

Results: The leukocyte count was 
reduced to 200 cells/^L and the platelet count 
ranged between 0 . 34-1 . 04x10 6 . 
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CLAIMS 

1. A method for removing leukocytes from 
a leukocyte-containing suspension comprising 
passing said suspension through a filter 

5 including a nitrocellulose membrane having a 

pore size of 5-15 /an. 

2. A method according to claim 1, wherein 
said filter consists of a single layer. 

3. A method according to claim 1 # wherein 
10 said filter comprises two or more overlying 

layers , at least one of said layers comprising 
said nitrocellulose membrane* 

4 . A method according to claim 3 , wherein 
said filter consists of only two said layers. 

15 5 . A method according to either of claims 

3 or 4, wherein each of said layers comprises a 
said nitrocellulose membrane. 

6. A method according to either of claims 
3 or 4, wherein one of said layers, to 

2 0 constitute a pre -filter, comprises a non-woven 

polymer fiber . 

7. A method according to any of claims 1- 
6, wherein said filter comprises a layer 
consisting of a plurality of nitrocellulose 

25 membranes interspersed by non-woven polymer 

fiber spacers. 

8 . A method according to either of claims 
6 or 7, wherein said non-woven polymer fiber is 
chosen from the group comprising polyester, 

3 0 polyur ethane and polypropylene. 

9. A method according to claim 1, wherein 
said membrane has a pore size of 8-12/un. 

10* A method according to claim 1, wherein 

said nitrocellulose membrane is chemically 
3 5 modified by a surface grafting reaction while in 

contact with a monomer. 

11. A method according to claim 10, 
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wherein said monomer comprises an acrylic 
monomer . 

12. A filter unit having a filter for 
removing leukocytes from a leukocyte -containing 

5 suspension, said filter including a 

nitrocellulose membrane having a pore size of 
5-15 /on. 

13. A filter unit according to claim 12, 
wherein said filter consists of a single layer. 

10 14. A filter unit according to claim 12, 

wherein said filter comprises two or more 
overlying layers, at least one of which layers 
comprises said nitrocellulose membrane. 

15. A filter unit according to claim 14, 
15 wherein said filter consists of only two said 

layers • 

16. A filter unit according to either of 
claims 14 or 15, wherein each of said layers 
comprises a said nitrocellulose membrane. 

20 17. A filter unit according to either of 

claims 14 or 15, wherein one of said layers, to 
constitute a pre- filter, is a non-woven polymer 
fiber. 

18. A filter unit according to any of 

25 claims 12-17, comprising a layer consisting of a 

plurality of nitrocellulose membranes 
interspersed by non-woven polymer fiber spacers . 

19. A filter unit according to either of 
claims 17 or 18, wherein said non-woven polymer 

3 0 fiber is chosen from the group comprising 

polyester, polyurethane and polypropylene. 

20. A filter unit according to claim 12, 
wherein said membrane has a pore size of 8-12jun. 

21. A filter unit according to claim 12, 
3 5 wherein said nitrocellulose membrane is 

chemically modified by a surface grafting 
reaction while in contact with a monomer. 
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22. A filter unit according to claim 21, 

wherein said monomer comprises an acrylic 
monomer. 
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